The feasibility of using sewage wastewater as a water and nutrient source for plants is an alternative to harness agricultural natural resource, observing its influence on the organic matter dynamics and soil energy. Our objective here was to evaluate the effects of applying different doses of effluent from a sewage treatment plant, in Janaúba -MG, Brazil, over the physical attributes of a soil grown with "Prata Anã" banana. From soil sample collection at depths of 0-20, 20-40, and 40-60 cm, we determined the following soil properties: soil density, total porosity, macroporosity, microporosity, organic matter, clay dispersed in water and stability of soil aggregate. The experimental design was in randomized blocks with four repetitions. Wastewater raising doses promoted increase in suspended solids, contributing to macroporosity reduction at 20-40 and 40-60 cm depths; as well as a reduction in organic matter within 0-20 cm layer. Clay dispersal was observed in the depths of 0-20 cm, being derived from an increase in sodium content. Concurrently, there was a reduction of soil aggregate stability.
INTRODUCTION
Having in perspective the reduction of hydric offer in terms of not only quantity but also quality for the most varied means, the adequate use and management of water has become indispensable. The use of urban waste, mainly the domestic sewage in agriculture is an important source of water and nutrients. Their inadequate destination may contribute to the increase of costs concerning water treatment headed for human consumption. According to VARALLO et al. (2012) , the hydric bodies are considered natural purifier of the man-generated waste. However, this very common practice is compromises the quality of the environment.
Besides that, the destination of domestic sewage in watercourses is pointed out (BARROSO & WOLFF, 2011) as one of the main causes of diseases related to hydric association, especially in areas close to urban centers. The use of domestic sewage in agriculture as a source of water and/or nutrients would be an alternative to minimize its inappropriate destination. Nevertheless, this practice must be done with criteria. Frequent applications in association to high leve ls might influence the physical attributes of the soil, such as its density, structure and stability of aggregates, the aeration, draining and water retention (ERTHAL, et al. 2010; SAMPAIO et al., 2010 e SOUZA et al., 2010 .
Knowing the physical attributes alterations of the soil is fundamentally important because they cause an impact on the use and handling of it, providing information about its quality and productive capacity (ARATANI et al., 2009 ).
Another factor to be considered when handling the wastewater is the crop to be used. The banana tree besides being a highly demanding plant in nutrients is also sensitive to growing factors concerning the soil physical traits, such as the aeration, soil density, water retention and mechanical resistance to growing roots (COSTA et al., 2011; MIOTTI et al., 2013) .
Our objective is to evaluate the behavior of the soil physical attributes influenced by the use of treated wastewater (TWW) in soils cultivated with banana tree OF "Prata Anã" variety.
MATERIAL AND METHODS
This procedure was carried out in the experimental area of the Sewage Treatment Plant (ETE) of the MINAS GERAIS Sewage Company, COPASA, MG in Janaúba -MG, Brazil (15º 49' 53'' S, 43º 16' 20'' W, altitude of 540 m). Local climate is tropical with dry winter (Aw) according to Köppen.
The soil used in the experiment is classified as a eutrophic Red Latosol (Oxisol) (EMBRAPA, 2013) . The area showed anthropic degradation signs, an evidence for a poor handling pasture and soil compaction according to Table 1 . This way, subsoiling, aeration, harrowing, and ridging were done before planting.
The experimental design was a randomized complete block with four replications. Treatments consisted of different doses of treated wastewater (TWW) from a sewage treatment plant (STP), using as reference an annual ceiling (AC) of 150 kg ha -1 of sodium (Na) (LARCHER, 2005) in the soil. They were named as T1: control (clean water + mineral fertilizing); T2: 70 %; T3: 130 %; T4: 170 % and; T5: 200 % of TWW in relation to AC reference.
The sewage treatment plant of Janaúba performs a preliminary treatment (grate and grit chambers), Parshall flume with an ultrasonic flow measurer, upflow anaerobic sludge blanket (UASB), facultative pond and two other ponds for sequential maturation with treatment capacity under continuous flow of up to 48.4 L s -1 . The TWW applications started forty-one days after plantation (DAP) with a weekly application via irrigation system (micro sprinkling). After TWW application, water supplementation was made to fulfill plant demands. In the third month, chemical fertilizing was initiated via chemigation system with nitrogen and potassium, aiming at controlling and complementing treatments that received effluent for a balanced supply (similar doses) of these nutrients.
Irrigation was based on daily reference evapotranspiration (ET 0 ), calculated by the PenmanMonteith method (ALLEN et al., 2006) , using data gathered in a portable meteorological station installed in an experimental area. By multiplying the ET 0 by the crop coefficient (K c ), the location coefficient (K l ) and the soil coefficient (K S ), we could obtain the crop evapotranspiration (ET c ). This value associated with application efficiency (E a ) and nozzle mean flow (q a ) are used to estimate gross and net depths, as well as working time. Micro sprinkling had an E a equal to 97%, consisted of a nozzle with mean flow of 76 L h -1 at service pressure of 200 kPa, using one nozzle for every three plants. Other farming practices followed crop recommendations.
Simple TWW samples were collected monthly at the end of one of the lateral row during application time, and packed in appropriate recipients. They were properly identified and sent to the laboratory for analysis of total nitrogen, nitrogen ammonia, nitrate nitrogen, organic nitrogen, potassium, sodium, phosphorus, zinc, copper, iron, manganese, boron, chloride, cobalt, calcium, magnesium, electrical conductivity, chemical oxygen demand, biochemist ry oxygen demand, oils and grease, total suspended soils, total coliforms, Escherichia coli, following methodologies described in APHA et al. (2012) . Having in hand the results of TWW analysis from the previous month, chemigation depths were calculated together with the TWW in the respective treatments. In Table 2 , we can see the mean chemical composition of the main elements of the wastewater during the time the experiment was being made. The supply of the main elements of TWW and nutrients supplied to the soil via fertigation, as well as wastewater depths and clean water in the planting period until 586 days after planting (DAP) are described in Table 3 .
After 586 days of plantation, ditches to a depth of 60 cm were open in the central area of the experimental plots to collect soil samples at 0-20, 20-40 and 40-60 cm layers, for further physical hydric analysis of the soil. For doing so, an Uhland sampler and rings with known volumes were used.
For the aggregate stability analysis, samples with undisturbed structure in clod shape (approximately 7 cm diameter) were withdrawn.
The samples were wrapped in plastic film and packed in cardboard boxes, having shredded paper inside to preserve moisture and structure. Afterwards, they were taken to the laboratory. From the obtained samples, soil density (Ds), total porosity (Pt), macroporosity (MaPt), microporosity (MiPt) and water-dispersed clay (DC) were determined as recommended by EMBRAPA (2011). The soil organic matter was determined by the WALKLEY & BLACK (1934) method. TABLE 3. Depths, nutrients and components supplied to the soil (eutrophic Red Latosol -Oxisol) at each treatment, from banana orchard planting up to the following 586 days. The clods were manually crushed and sifted in a set of sieves with meshes of 8 and 2 mm. Later, clumps retained on the 2 mm mesh sieve were sorted into two subsamples with 25 g each. One of these samples was used to determine moisture content and the other was placed on a Petri dish with a damp filter paper. After 12 hours, these samples were taken for stirring in a vertical mixer (YODER), under a set of sieves (2, 1, 0.5, 0.25, 0.106 mm mesh) for 15 minutes, with 30 oscillations per minute. After that, the retained aggregate s in each sieve were transferred to aluminum recipients, dried in an oven at 105-110 °C and then weighed.
According to the methodology proposed by KEMPER & ROSENAU (1986) , the following soil aggregate indexes were determined: weighted mean diameter (WMD), geometric mean diameter (GMD), macro and micro aggregate percentages (MacAgr and MicAgr).
Data underwent variance analysis and, when F was significant at 5% probability, regression analysis was performed. For the comparison of treatment means against control, the Dunnett test was used at a 5% significance. Besides, the Person's linear correlation analysis was held to check the correlation among the characteristics. Soil depths were compared separately.
RESULTS AND DISCUSSION
In general, the physical attributes influenced by TWW compared to clean water were DC, MaPt, WMD and GMD (Table 4 ).
Soil compaction highlighted by an elevated soil bulk density can be influenced by TWW as reported by SOUZA et al. (2010) , who studied alterations in soil physical properties from sewage use. In the present study, Ds had no influence from wastewater compared to clean water (Table 4) . However, it must be highlighted an elevated soil throughout all layers, with values above 1.7 g cm -3 .
In accordance with MARCOLIN & KLEIN (2011), farming soils have a great amplitude of density, because of specific physical characteristics like texture. In general, sand presents low specific surface compared to silt and clay fractions. Consequently, it also presents low aggregation capacity, which contributes to pore spacing reduction and soil density increase (KLEIN, 2008) . This way, soil density elevation comes from grain-size related factors such as a large amount of fine sand (FS) within total sand fraction in contrast to the other fractions as medium sand fraction (MS), coarse sand (CS) and very coarse sand (VCS) ( Table 1) . This result validate the findings of LUCIANO et al. (2012) , who worked with two Humic Cambisols and two Litholic Neosols (Humic Litholic Nitosol and Dystrophic Litholic Neosol). Soil total porosity (Pt), which is another important indicative of soil quality, was also not influenced by TWW applications in this present study. According to LIMA et al. (2007) , the ideal total porosity is next to 0. Macro porosity (MaPt) in the depths of 20-40 and 40-60 cm was superior in chemigated soil with the smaller TWW doses in relation to control (Table 4) . However, in Figure 1A , we can observe a linear effect of macroporosity reduction at 0.0003 m 3 m -3 for each percentage unit of TWW dose increase. Once macroporosity is essential for soil aeration and the development of plants, it can be concluded that high doses of TWW had a negative effect on soil quality. According to LIMA et al. (2007) , macroporosity soil ranges between 0.170 and 0.250 m 3 m -3 , with its critical value at least 0.10 m 3 m -3 (KIEHL, 1979) .
In accordance with SOUZA et al. (2010) , in relation to the soil total porosity and its subdivisions, macroporosity and microporosity, the main interferences through the handling of wastewater would happen because of the suspended solids in sanitary sewer. This way, the relation with the highest values of MaPt obtained with the smaller doses of TWW are possibly related to the supply to the soil of organic substances that are part of TWW. However, the increase of TWW doses and consequent raise of supply to the total suspended solids (TSS) and oils and grease (Table  3) . It can be associated to a possible dispersed clay eluviation at 0-20 cm, causing pore clogging and consequent porosity reduction at 20-40 cm and at 40-60 cm. RODRIGUES et al. (2010) observed that the samples of flooded soil with liquid detergent and oil presented soil porosity reduction.
No interference was verified by the adoption of wastewater use regarding microporosity. According to LIMA et al. (2007) , soil microporosity is responsible for water storage and has its ideal value within a range between 0.250 and 0.330 m 3 m -3 . Therefore, our study shows that the obtained values for this attribute are in adequate levels overall (Table 4) .
Concerning organic matter, it was verified that the TWW doses of 70% provided superior organic matter levels at 0-20 and 20-40 cm. Nevertheless, Figure 1B shows that at 0-20 cm, there was an OM reduction to 0.005 dag kg -1 for each percentage unit increase of TWW doses. Thus, TWW possibly provided soil fertility increase, which associated to organic components supplementation, especially those with low molecular weight, promoted an increment in microbial activity, as well as stimulation of native organic matter decomposition rates by the highest doses.
ANDRADE FILHO et al. (2013) working with a soil depth of 0-20 cm of a clayey in texture Cambisol cultivated with cotton crops, determined that the wastewater proportion in relation to the clean water mixture superior to 62,5% promoted the soil organic matter reduction. Similarly, SIMÕES et al. (2013) verified that domestic sewage effluent treated without dilution stimulates microbial activity in a Yellow Latosol (Oxisol) grown with castor bean. THIESSEN et al. (2013) defined the priming effect as a positive stimulus to the microbial population growth with the addition of material rich in energy, causing an increase in decomposition rate due to enzymatic action of such microorganisms.
Nevertheless, in accordance with FORTES NETO et al. (2013) , this organic matter reduction effect will remain until a pioneer community of metabolic active microorganisms is succeeded by microorganism communities with more stable metabolism that immobilize the carbon in the microbial biomass and contribute to elevate soil organic matter levels in a long-term.
Regarding DC levels, it was verified that at 0-20 cm, all treatments showed higher DC means compared to control, with mean increments of 38.30, 40.43, 47.87 and 52.13 % respectively for treatment using 70, 130, 170 and 200% TWW.
According to ERTHAL et al. (2010) , the DC values are higher in superficial layers and tend to increase with time. The cumulative effect of sodium and potassium is the main cause for this change. In this way, the DC value increment observed are probably attributed to sodium supply whose values supplied to the soil reached variable quantities from 163.3 to 476.9 kg ha -1 among the treatments with the lowest (70) and the highest (200) TWW doses (Table 3) .
For DIAS & BLANCO (2010) , sodium presents the hydrated radius relatively large compared to the other elements, such as calcium and magnesium, being given significant potential to change the double diffuse layer (DDL) and, consequently soil physical behavior in face of wetting and drying cycles. As stated by MEURER et al. (2004) , the dispersed clay in water may eluviate along soil profile and produce horizons richer in clay, as well as block micro pores reducing aeration and water infiltration.
The highest tested doses at 20-40 cm reduced aggregates stability, confirmed by the WMD and GMD indexes (Table 4) . Table 4 shows that wastewater management had no influence on aggregate distribution (macro and micro aggregates). However, the regression analysis indicated a macro aggregate reduction of 0.06% and micro aggregate increase of 0.06% at 0-20 cm layer for each increase unit of TWW dose ( Figures 1C and 1D ).
According to VICENTE et al. (2012) , stable aggregates in water restore soil porosity, influencing on infiltration and promoting an erosion resistance. Nonetheless, non-stable aggregates may disappear to the minimum impact of raindrops.
The soil stability increase has been attributed to organic matter increment (SOUZA et al., 2009; ANDERS et al., 2010) . In this case, as OM content was reduced with the increase of TWW doses, it is believed that such reduction has contributed negatively to the aggregation index.
According to SOUSA NETO et al. (2009) , all relevant factors to aggregate formation and stabilization have elevated relation with soil clay dispersion. This way, besides the OM reduction, the sodium supply increase caused by TWW with subsequent clay dispersion, may have been decisive to aggregate stability reduction. The negative correlations between DC and WMD, GMD and MaAgr contributed to this statement (Table 5) .
CONCLUSIONS
The treated wastewater modifies the soil porosity distribution.
The macroporosity at deeper layers is reduced with elevated doses of treated wastewater supply.
The treated wastewater increments soil organic matter at superficial layers compared to clean water, being lower with increasing doses.
The increase in treated wastewater doses contributes to clay dispersion within superficial layers.
The chemigation with treated wastewater elevates the risk of soil loss by erosion due to aggregate stability reduction.
